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Abstract of JP1 0204328 

PROBLEM TO BE SOLVED: To obtain an antireflective used together with photoresist for a submicron 
pattern by making the composition contain a resin binder prepared by using a copolymer containing a 
monomer containing a chromophore of a ring-substituted quinolinyl derivative such as anthracenyl, 
quinolinyl or phenanthrenyl group and a crosslinking agent. SOLUTION: The resin binder component is 
desirably used together with a far-ultraviolet image formation system and absorbs effectively reflection in 
the far-ultraviolet region (about 100 to 300nm). The chromophore which absorbs a far-ultraviolet radiation 
is desirably a highly conjugated component. The desirable chromophore is exemplified by a bi- to tetra- 
cyclic hydrocarbon or heterocyclic unit each of the rings of which has 3-8 members and contains N, O or 
S. The desirable resin binder is exemplified by an acrylic resin having a pendant anthracyl group and 
represented by especially the formula (wherein R<1> and R are each H or an alky I; R<3> is a halogen or 
the like; m is 0-2; and x and y are molar fractions). 
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ht^.»)\,zmm'ti>m±m.'hh, ytv i^'jx hcoum 
miimR<o±i,zm^^tL. »:v^t\ y^hu'jxhma 
yth'?x^f{:mix-m^t^titimmi,zm^^ti 

7:}-hvxi?{i. 'm\t^titzm\>znLxT-wn 
ts:mm}i':^mt^tifzWMmLxmwm<^mib 
^•fh. 'mit^fimm^zn^^tiht. ythui^ 
^ }'Wmmzml^^tlfz^^'mm^ ( p h o t © i n 
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^-r<^'9. --ys. nmm\zm,%ixt^:^,^^^\i,, 

x:\t^mmuz«ts:h, ytYVvXYmmm 

mM\iZWk'm:h'0 . t7^ l^X h ( D e f o r e s 

t) ^ytYv\^xvimmf-}m (Photo 

resist Materials and Pros 
esses)j (McGraw Hill Book 
Company, New York, 1 97 5)c0||2 
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^mwm^^y^j: <-ri>tz)sbm^iihm(^^mx'\i. 
wmmt yirV]y'yx v^wmb(7^uznxtmM 
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th^tifix'^h, ryvy^ymMmm^X'{>h 
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i^r;wdf tcif tl^^^R^ mxh^. R 2 {i 2 - 
t Hn^^-xf-py (-CH2 CH2 OH) iOcta'Sr- 

mcoi. Yu^'^mi^thT/i^iumx'hhztm 0 

y-tyxXy-fU {Tyhy-by-9-^)l^i')lx.XT 

CON. OXiiSSJS^Sri^o. ajiX(4#siio^y'j 
-/uxti^y 'j-fvmmm^^^j:^i:,(r>X'hh> z<r>^ 

'JVH4. *^'Jv-#^S*>^i>ffi•9T*«l. ('^.y^yh 

AM yy-t txii'im (II) t'^^iii.r^' u;u^ 
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t={4 1 ffl^v^L$<?6^l<7)^|gi^oT;^^>'^^t'^> 0 , 
w{4, XJ4, mmxmmm(^im^j:\^im 



^x'h^. z{4. wmximmm^X'h 

0> #R7{4. JiifcitT, Aoyy imzF. C 1X{4 
Br), Hi^V^LI«j81iC0^iIi^cor/W^f/l^S. 1 

■c\ n{4. 0 (z(Dmi}^^^iZ7iifm^^tix^^hm 

^) i}>iy9tX'(nmLX'h'iX. n{40. lX(42*<if 
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—tyhtimtK. ^LX. y' a. ^tiU-^-fpff)^ 

^N--- feyhT'Sio-C, $<J5-'$*>9 0>'N°— byh^^if^ t 

^t'^> J:v^3&<, iJ'^'3:<i:t,i^l 0^:;Pvn'— fey h<^^y 
U -/l-fc J; l//^ /iti h h' o y 'J -yPmfif^ -^tf 

C 0 0 2 0 ] ffj^cOffltS (fiP^. M^*R' *»^>R7 

m : ^i'-=5:< fc 1 1 fflO^iaftS^^Wf S 2ffl=5:v^ 

^ 1 Jioffli^St: J; OiJ'-'^r< i: i> 1 fliosm^tg^fi 
[0021] m^criJ: 0 iz. ARCmm^-^^ y^-li. 
X-^mth C i: *^*f i t < . -ecO#^t3{SiJ'-^< 1 1 1 

U -;l/X{4 1 K n i^df y 'J -/US $:-t■^T-V -> I. ; 

mmmm (mmmmth^) mmzxr>x^ 

minhtiK mm. y'j:^)i'mm\cD^Tx\ m 
Kur-^mmn. mm. N2X(ir/P3'y) t. 
m o°cu±.(r>xdKpMm^tii-zm.x\ m^coM-^i 

m^mm^tifzw ^mmmwii>zm-^^. ^^m^im 
mmzh^^m^cr)7^iznLxi,im^j:Kiiis^t:m 
ib^^itt^x'^i. atf^^>{f. Rmmmmixh 
im^mutbxit. ro>'NV-;u&t/y^y- 

y. h)u:s^ym/^iyi^ycr>xo^j:^mmmummf 

xt/THF^i»jit'S>s, tfi. m^Rmimn 
x\ mmizm>h;itifiX'ti>» m^(r>y^)-y'J^)V 

mm\-^^'yxifwm::i^'} -^-vmrn. lt i i v\ 
mm. ry-t'x-2. 2' — fyr^n^huyi/ 

(A I BN) 2811^1. 1" -TVt'T. (i^^Q^^-^y 

mLtzmm\.z^m^m:m^^xim,\tt^^t{,x'% 



7x y-zuSBii&r y h 5-yux?yW;KyKi: Ri5$-it-l. 

[0022] mARcm^JU yy-\t. mi, 000 
tc^^tmio. 000, ooo^yuhy. Hii-^wc 
{i$«;5. ooo^ir^Li^i, 000. Qooy)Vvy<r> 

^^pi^^jKMw) . Rt/*t>5 0 0'5rV^LI«?l. 0 

00, 0 0 0y;Uhyc7)|;[Tfe)^^M (Mn) ^Jt^C 

[0023] *^BBcosj]gv\'^ yy-\i. 1 0 o*»^>*t> 

3 0 0 n mcofgi^F^co J; 3 =SrS^^'l-?^;^T'^if'5rigbag 

mw^-iyy-\i. m2ASnm[zii\^xiyuy^^tz 

iS. nt.L<\i2 4 Snm{zh\^x^ 9 xiy^^tz^m 
-2 0I^UiC7)lS^#fi. iOif^ t<{42 4 8nmH 

[00 24] iL/i. *^B^(ORIt|56itffl^%{4. 
^feffl*{5&l^oSlli:ft^¥-r2,it®!i ( c o - r e s 
i n ) a tTX{iARC»-^^ y^J^-^^O^^Ig 

tLx. $^m,^mmi^tx\^^j:^.Mmt:^^-t 

h:itifiX'%h. mm. ^'J (t'r:;U7xy-;l/) J; 
o^7xy-yl/W. y^^y-y-^mm. m. *l6BHcr) 

[0025] t^^mo^mmmmim^^u yy- 

m^uyy-ii. mn. ARc<7)^^mmm5 oi}> 
(>9 feyh. wiz-iscmzit^mm m 

m^^v^mMfz±^^) coy^jb o*^^>9 oa4^^- 
^yYtx'<DW^x'^m^fih. ^wmARcm,i. 
^h\.z^mm^:{^%xs. m^(^^m\im-thL 

tti^X'%. ^<r>^\.z\,imd.<r>i^^vrv-it ( Sh i p 1 

ey Co. ) c7)3-n-yA-!^|failim54 2 0 08^ 

\.zm^.^fix\^hhRc^mmmhmihixh. ymm 

tLX\i. y h^xy^7Mti^'J3>>'J;Kg 1 yco 

u r i 1 ) <r)Xo^j:m^m^<7^m\m^zutu\ 
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[0028] 2|s%B3<ORI*|5fijJ:ii^tlT'«ffl$*ll.> h 

±M0$tL?t7* ^^vxhco^-u-7ffl^cory^- 
*j hyyymmmmimztiiiM.tii^tifz. a 

mizMimxiimm^3\tmz-tfzMz. 

-^t ixii. mmxummmzm^m-rm^ 
xii. mmm^zmm.thit-^^mmtizti)^ 

1tftl^\ 2. 4. 4. 6-Th77'nAi/^'n'\^-9- 
v-'xyy. <yv>f yhv-u-h^ 2-:^hn'<yi/';l/ 

t*<ifiLv\ m^mizx/Ut^ymi:m.-th^t^'^ 

^m^imx'hi. -^izmizxmm^u. nt 
[00291 mzxmm.mhmm±mMix'mm 

LTtJ:<, ^i.tf7j-:i'>Atg, 1. l-t';^[p-^ 
nn7x-;P]-2, 2, 2 - h U ^Dnx:?y<7)J: 3 



jiSE*HS»±ffifig!|^!K7)^I^M^^c7)f4j 1 *>^> 1 5 

m&^-^-^yhcr>^mt<imx'hi. mzximm^i 

^izx 'yxmt:^^-ith<7)izmm^j:&x''imi\mi 
mzm^ttz^k. zc^^mMi:mit^^i(oi,zytmu 

(post — exposure) K—^ y^ 



«T'{i. ^m±m^mi. mzxmm.m^^i>z 

mm'^imA^-^—^yhm) . mxmxxm^ 
mm<^mmbixmi. mm:mt:m-t^z 

fc, ^^mx mts i^m^ARcc^'p^mzmm- 

^m^m'o. mz. ARccommmt^mm^^ 
(7)mt i<^j:\^miimuj:^^xom<7)^x'mt 
^'^ti(r)iz-}}\m^:'m tt^A Rcmcom^'k 
h.im'j:mtixti,mni. hfuxyx/ut^ym. 

ym(7)X o ytm. b U 7 u >y ^ 

{ t r i f 1 i c ) m(oxo^j:mm. xa^tK^cou-^ 

[0030] ^mc^^mmmii.. ttz.m'o 

^m.m•t^mmmmit■^t:^^x'^,i^\ tmi<zm 
txmmtmcDmaMui. mm^f-mtrnmif^ 

tl. mtli£^~:^y:^-''U ( U n i o n Car 
bide) C^i^/U'^x-yh (Si Iwet) 7604C0 

m&<&x^mtix><^i^mim. xiixv -xa^ 

(3M) *>4>-r|iM$ilTV^|,^ffivgtt^jFC 1 7 1 *JJ> 

Xii. mnmM:i^i-J\^. 2-^ h^£^xf-;Ux-T;i. 
(i^'^^'jA) . xf■^>-^^|J3-;^ty^f-/^x-r 
/l^. ai/7°nt*l^>'/yP3-;l/^:y^f-;l/X-r;l^«0J: 
o^^->5r<i:l) la^0^^'J3-;^x-T/^: p< h^i/7' 

xh^i^7'^'y-;k ;>< h^v-ToAV- 
/l^. aiXx h^i^rPAV-yl/iOi o^x-r/W^^Jj^t 
t Ho^i^^ii-tJ^oiiji ; ^•?-;U-feoyyP7"T-fe:?- 
xf-/H:ay;P7'r-fe:?-h. rotwy^^'jn- 

y ?t ^)Vx.-^)V7-^ ^-h. 'Jru e u y ^ u 3 
—iv^ y ^ f-yl^x-xyl'T -fe ^' - b CDi d ^x>(.x;u 
Mt/f(cZig«Kxxxyu. ^S?7-Dtri/yatX;!fy 

saM^coffigti. mwim.<nxotcmot^<m=Fi,zx 
^xmth. -muz. mm±mmi^mmmim 

^itJmm(7>k&(r)fi^0. 5*><J>2 0Ma-— byh<7) 



(9) 



mm^f-l 0-204328 



[0031] ^i^mmA^:^m(rf^i,zxi>mmMm 

yy~ii. mmi^i^^vtm.mzntiT)V:^^j^m 
fenzxmmmmn^ti>t^^:Wo<7)mt i 

[0032] ji^ift \.\^vi^x VW^'M yy-ii. 
/^^y-vmmt iX'^^izii^mcoyxy-zv-Tj]^ 

tSni-KUv-, ^t/izN-hVu^i^y 

mmX'hh. y^^y-y:^m^im^thfzMzTfUrt 
K . mzt^jUATJUri. H t i0^t;5fm7 X y -)V 
m<^mtLXli. 7xy-;l/ ; in-i7Uy-;l/: o-:^' 
uy-;l': p-:?l/'y-;U: 2. v-l^y-;!/ ; 
2. 5-^i/^y-;P; 3. 4-=3f>-^y-;P; 3, 5 

4>it4. Kfitia^^^tCioT. (Mw) X 

J«j5 0 0*»ibl0 0. 0 0 0^;Uhyi-C'^^;cSC:i:3!>J 
T'S. if®^y^5-y^*^m§fL-5>, (t'::i;l/7 
xy-;l/) (4. C?iJ;i{f7|^II^i^m4. 4 39. 5 1 6^ 
l<zm^^iiX\<^hXdti:1jmX'^LXX^\ if^Lv^ 
©liiAM y:?'-Si/-e(0Pi?Si*ffl#lf|g5, 12 

8. 2 3 0^izm^s^tlX^^l. 

[ 0 0 3 3 ] ( h'~juy X y-;U) {4M«5iO^?4T 

•c\ ^i;-ri.ty-7-<7)/n.xi?fi^. ^um-^xm 

mit^izX^X±&^tiXX\>\ ;KUt*-;U7xy-yl^ 
<7)iBit:Wffl^:t'-;U7xy-;l^{4. 0iJ;c.tfr|iJiK§ii 

^■fitv^j^i^^^m^mm-^^tizxm 

mbXX\>\ ^hliZ. *ffl^t':iyl^7xy-yl^{4, M 

mtK^^itx^^tihYd^i^^^ ^Mi^mmmiz 

i^r.xhmm^tixx^K ^tii^<r)\i~)vy 3.y-)\M. 
i)'^mmtit:nt U^^V t'r^;U7x y-yPSHIJi. 
*<j2. ooo*><i>*«;6 0, oooy/uhytX'<n^=F& 
(Mw) KHSr^o, 

[ 0 0 3 4 ] 7 X y-;Ui: . ^^^#;KS5S:T;U3-;um 

U^mf^^U yy-X'h'O . Jif-^y^^XMiP'} 
)Vy X y-;U) ©licogp^TKmODtz J: oTifiitcii^ 



ay etal. ) C7)5|^II#|^||5. 1 28. 2 3 2-t 
^7 -y i?«BI*>4>m$ill.®)ii*W'^>ni., 7th 

vi^xvmM(r>^\zmh^fih(y)'m:m^iito<y^ 
mmi%wm^^5, 130. 4 1 o-^si/^*ii#rF 

^5. 128, 2 3 0-f(C^S^$il-CV>S. JDXT. 7 

^ca^. P]SX{4P=Sr.|.^l:^c7)2am±c7)^ligAM 
-^^^X\i-^\,zm.^h^h ^ i: S . 

\f. m^m.'^^mi'th t . mBi (photos 
peed) mmmimx'^ . ttzmm^^iowj 

xvcr)mmmjmmx'^i, 

[oo3 5]:^%m(r)ARcmtmzmi-i>ythu 

i^Xh<7)l-:><r>im^j:Umb LTJ4 "m^M" rKv-'Sl^ 
-JXhX'ti-yX. ZCDWJXhii. 9tl>ZHWt^^L 

m/yyr^yy^hL<ii^V {\i'-)Uyxy-/U) Xii 

^^^Lxii^. mmmmmmmmtLxf^ 

nm<^m^i^^m.<^T)Vi3 ')'&:mm\.z)mm<m 
i 0 f^z-fh , d^i^jO/tfv-'M^v-'x v<^^x'-mi 
izm^ixhmm^wi. 2. i. A-=jT^/^yY 

^yyx)V!t^y^x.x'f)vmj^2, 1. 5->^'ry'-t7 
V^yyx)Vif^y^:i:xT)V(Dii d^^yy^TxHS 
xhh, 

[00361 ^wmmmt uwmi-M. 
ARcm^if^mzm^^fitzr^i^mvi^x vrnmut 
mzmm-th. ^ff^xoti:\y'JxYm.micn>^<tiK m 

X{4\ *lll#itll4 . 9 68. 5 81-f-;®4. 88 
3, 7 4 0-^:114. 810. 6 1 3-t : &l/^^4 . 4 
9 1. 6 2 8^: \.Z%imiXX\^X. it^mzmWi^tl 

fz^^imv i/x V ffmw^msm^ ^^j^ l t v ^ 
AMyr-c?)S^^*L. wm)Myy-\r7xj 

fi?ij;i{f. -?-i7)J;d^3;if'J-7-c7)io«o*F^Lv^gB 
»{4, ^coaitiU^-co^^F-yxy-Jl'M^mzcrtPf.mM^ 

locoi^tcjaF^Uv^^^KU^-ffllg^N'-fyr-ti. iJcie 

[0037] 
[^b9] 
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[0 0 38] (^'4'. hb'Qdfi^yl^Ji, aritV-?-^ 

(=i,zitmmzi± 1 ^i*>^>^6^v^L8^i^o^iIi^^^^ 

O^St L< Jilf^Sr/U^^U-Cfcl). t e r t - 

tT. mniimi^j±(o^^^yy mzF. c ix^b 

r ) . Ci _ 8 T;l^n^x, Cj - 8 T/U^-zl-^tzJ: 

COO 39] ^<0j:d=2r3;K'J-7-{i. m^zmzt 
te r t-T^f-zPT^UW-h^coio^rM^ 

:^:^T)Vm. mhR' -0-C ( = 0) 1^7 'J 

t. ^izximnm(^wmi)tim^6. i^a^Kuv 
-(i, miKims. ooo*»<j>^5o. oooc7)m 

J:OJif^L<(i$<Jl 5. 000*>^>*<J30. 000 

"f&m^^ti. $^yxy-)imm. muft e r 

•C11SS1L-Ctj:<. I<J8, 0 0 07!>»<i>«!35 0. OOOO 

0 . ^t'^mmm<7)mzm l v vi^vmi^ f {4 , ^ y 

:?(Sinta et a 1 . ) ^<;)7|^|l#|tm 5 . 2 

5 8, 2 5 7^(C^^$ilT».^l>. 

[0040] *%Hfl<7)ARC i:i^tc:fieffl-ri.^C«^cO»^ 

mit. mrnxm^ttmnt. ytizxm^mt<7) 
m-^^tth, mzmi^^^^mi-'Jxhm^mt 

ray et a I . ) m(0B-x:3 •y->mntiimmO I 

6 4 2 4 2 3 2 9 7 2-t&l^*II#^m 



5, 128. 2 3 2-^l;IB*$aTV^I,. ^IlA'^y:?' 

mn^isibx. T^ymmmmifhtih. yys^y 

'5r3?IS^Pr(4. mtf^/^^KCyme 1 } 3 0 0. 3 

0 1 . si^3 0 3c7)ffifa=st'r^ vfjyi^ri-^ Kit 

(American Cyanamid Co. ) ^^^o 

i^Va^VJVmmii. (Cyme 1)117 

0. 1 17 K 1172. ^i^y-*jy^ (Powde 
r 1 ink) 1174 cr,mffa^X'T^ U^yi^Ti-$. ¥ 
(American Cyanamid Co. ) tl"^ 

^^tL. mmmmma. t- h;K b e e 1 1 e ) 6 
0. 6 5Rr/8 0comsh^X'm^$ti. ^Lx^yvy 

ri-^ymm.i'y^)V (Cyme 1 ) 1 12 3&IX1 1 
2 5 <mS^i^X'^^ ilX\^h. 

[0041] ^m^kRc^tmzmm^tihism: 

\^i/X Y(r>^W^tJ^\ (photoacidgener 
a t o r ) it-^^t LX\i. ^m^m%A . 4 4 2. 1 
9 7-f. |g4, 603, lOmmf^A. 6 24. 9 
1 2■^t^^$i^TV^|, J: ; m^'vi) 

U-^ (Thacke r ay et a\) <m^M^ 
1^5, 1 2 8, 2 3 2-^l;^^$nTV^|.Aa^>'fb® 

%mt^<^x 0 N :^ymmmm^t^. m/ 
it>tzxfi^if^ym<r)mzx&mm.^mi3^mifi^tL^. ^ 

yVA yVi/V-h. tert - V^jVy X -)V7)Vy 
r- {p-V)VJiyX)Vit^-)V:^^i^) -r^^-VR 
y t e r t -y^)VT)Vy r - ( P - Y )V3:.y X)Vi)r^- 

GSC0lH^tOV^Tt4. ^'J\-i-}V Jj-r 7^h.-K 
-tf^xyx ryh' T^'yo^-'-j (J. o 
f Ph o t o p o 1 y me r Science and 
Techno I ogy4 (3) :337-340, 1 
99 1) ^mm^fitz\^, »S Lv^;^;P*-^-hPAG 
m.i'yy^ ( S i n t a e t a 1 ) (7)^Wm^% 
5, 344, 7 4 2-^tCt^*$nTV^|,, 
[ 0 0 4 2 ] *^BfliOARC i:^tC<sM-ri> 7 * HU-x 

xh{4. tfz. mi^n^i^'^ti^tifix'th, mx. 
(f . ^^^g^^^Dt/i^l!lo3s!lP^Ji: Lx^it^Y^m (act 

i n i c) 5ri^O§mSl/^3yh7;^M6]±ffl^^. ^ 

mm. ^mi mmmm^fhixh, mm. v 

'^V^^W'^X. Z.<r)Xots:'S!m\zVb\.tzmmUy^ 
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^i>L<tm(OXiUt^ym. X(ii|«>2WT<^pKa (2 

5-c) i^mm<^xd^j:m&t^mi:umm 

ARCtik^. U>'';^h*^4>^»LXARCl<7)tt3t-a 
«)3l£ai±M^i!Ji*»=5r '3^^=5rv>c: b fj^h . ^^b^co AR 

[0043] mm^zht:^xii. :^^mcr>Km±m 
izx-jxmR^mismi:Lxm5^ti?>, mfh±mi 

imMti>rn-tx{zt5\,^xmif)^i^mm^iix\'^h\^ 
tti<r>mxLnmx'$>i. mu$. mmLtixii. 

mv^M.. -b^s-y^. xmmmhmmix 

T ^ 7.rv-mzm^tihmsLhm L<m^ti 

[0 044] »^L<{S73r VWy^ymMifP^RQ. 
co#&J: 0 iiilLv^. mmi'mM^\im\ 2 o-c- 

2 2 5'C, $t>0. 5=3:^^14 O^^T$)-g.. ll^k^ff^i: 
LT ti , A R C mm $r , 7 1 h U ^-'X h ?f ^fjttt'^ 

< TiVi] ')m<^Mm^z^,%'m\.zmmz^^h<^tf^ 

»iLvn nil. m^coJ:ot=. ARC*i3KlcJ:5i!% 

gP^WWi. S^b^-ti: (e«J;t{i\ ^«jl 0^l,^L3 0 0m 
J/cin2 ) , iJ:u-C'5 0~2 2 5*C-C'f^3t'<.-=^>' 
^(post — exposurebake) 'k'^h . <I 
cOi^^lSE-fkomtc, 7^M/i^'J?.b§:ARCco^ffi(; 
^fl.. ARCc7)m^5t|5l«(C. 0$K. ?fm. ^-X 

(meniscus) Xtio— yl^^litcj;!) J; 
ii?!^<0V^t^<7)^g^; J: ^X\>yisWJ7.Y StM^PT' 
M^cof^ii, -^Wti7:j- hl^i/'xhSSiiSrJn 

(c^l.^-C'^iiJI^I-^. giifiL<{±, ARC® 



[0045] w,z. wm-mx. -^x^ stm lt^i* 

mimm^:mmi.zmm^ti>fzMzmti:m%:i:.^^ 
iv^-i,zx v'jx YwmmtiZJ^'^-yit^titzm 

mm^zMK -WLmzmt^hSOOmJ/cm 

\^mL<mmm!^<r>m.^:m^-ttz>^\.z\i. fifl*>-?-o 

^-^yy^mLx^.xw mm. ^ammm. 
mytwi^xh \mi^mmmKmt:'fs a tz^\,z-^ 
mzn^'ik. t\^.^'mtL. -t. $'<coit^mm. 

f^M^'^^h-rs, -m\.z. ^m^mK-^y-/ 

O'C-l 6 Orc73|iffl(7)ffiJgAi^(f ii>ii|,, 
[0046] <^V^t\ MTtSil^C Ui^'A 

imitThvir^)vry^=.^A. im^-t 

mm.im\^i>comtL\\ mumt tx. *m 

hKx\.^h-H'mi.h. m^^zm^. '^^Ltzn^'m 
mw^^^^zmit^^hfz^^^z. ufummmyt 

V Ui/X\-(7^mk^-^y'^'ifm 10 0-15 O'C^ T- 

ffim.x'^'fimxhixh. w,z. m.mtitzmL\iy^ 
vvi^xY0^m)i!,^ixtzmmwi.\,z. wmtia.. mi 
i.mwit.z^jk'mc^mmz^nx . 7 * M/v-'x hc7)iii±s 

i:*^-C'#l.. if®=$rx-y^yi/|PJi:fC(i. 7-y-fbK« 
i!x.yf-y^^^?g, ai^7-5X?x>y^>'^J<7)J: 
dJSrr^x-^Tifxx'yf-y^/ipj^Wijiii). 7-7X7 
;yxx.yf->'^^j{i^ji$^ifcMb— 1/ 3 yiift^siiii 

sfv:y>c7)i,co-c?>o. ^wm:itit><mmmizwi^^ 

[0047] 

IIMgyi-6 : tv^ A Realty N'->f y^-colBi? 
1. !*feaS:i5-tJt>"7-<?)p|!! 
A. ^nodr>'y^:J':7iJ^-hc?)|ig 
lSm^^i^M&U^S^A□#§^05 0 0ml ^7 
5. 7-y^ao-8-t HD^^-^yyy 
{^an^i^y) 5. Og (0. 0234*;l^) . 
^'U;UK2. 0 1 (0. 0 2 34^:;u) , ta^b^^i^y 

5 00m U 4-i^^i')UT5.y-h°U>'y (DMA 
P) 1. 4 3g (0. Si*) . mi - 
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^UTSyrnfyi.) - 3 -xf-;U;<r;Pd<'f 5 H (EDC 

1)6. 7 2g^iiAt7t. :i<7)iRMm^^mmm 
mTt:'2 5x:t'i 21^^, mnA^tti, 

mmmwrntz {ime7%) , 

B. ^f-;l^Tyh7-fey^:?:5";^-h<0p^ 
.X f-;l'Tyh5-fe>';>{ U-h (CH3 C ( = CH 
2 ) CO2 CH2 - 9 -r>hy-^y) 5-. rv^'ot 
W^a— ;l/Xj (Macromol ecu les, 1 7 
(2) :2351984) t3^^$ilTV^|,^rSt'iiM 

[0048] 2. ^IgOPS? 

rvVv'^y^^^^)v-Y (ANTMA) n^jty-?- 

(Btifej^i I ) ^'mi.o\,zwm.uz, mmmiL 

«03Nc7)AE75X3tC. HEMA 
^^) 1 6. Og ( 0. 1 22 9^:;!^) . ^f-yl/Tyh5 
-fey^^'^'iJU-hS. 49g (0. 0307^:;^) , 
AIBN 0. 244 9g ( 1S*%) , ai/THFl 
8 0m 1 ^^At/i, gST'A-->?L^*J^>. 

TVN--i;Uc (30) , CiORiEig-^^3igST-C'18 
l^^tt{i^Lfc. V-S: 3 0 0 0ml <7)x- 

-CH2 C (CH3 ) (CO2 CH2 CH 
2 OH) -#fi[*i8 It/P/N-- feyh&t^-CH2 C 
(CH3) (CO2 CH2 -9-Tyb5-t:y) *fi3&^ 
1 9tyU^N°—fey ht\ Mn*^'229 5. Mw;!)^ 9 1 

5 0Sl>'Tg*n 0 1'CC7)HEMA/ANTMA3;K'J 

(IR$8 6%) . iiJUPCOHEMA/ANTM 
A3,-Kyv-. aiX. HEMA/^'nndfxV'^:}'^"; 
V-hn^'JV- (IUtfiflj2-6<^^li) 5:. HEMA 

[0049] ^mmi-l 4 {4. *l|BJ<7)ARCSc^i@ 

( 1 ) WNMyr- :.-KUv- 2.33%(l«?4% 
cO/Uv-v^/l^^iOHSt^L, -?-tT*<j8 0%cOOHS 

*<-o (c=o) CH2 -9-Tyh7-byK:J:-5-ci 
J«$ixfc/.if5y^'SSIil) 

(2) gggL: Powde r 1 i nk 1 174 0. 

6 1% (T^'J;{?yvT:^S Htt^) 

(3) S: p-hyUxy;^>P;^yi? 0.0 6% 



( 4 ) ^ : ?Li!X^;|/ 1 8% ; x^D'v=Jr1l-y y 

10%; 2MX7'otruy^^>j3-;i^ty.x^yi'X— fyi^ 

68. 97% 

^<^Wmi)iLmm: . ilgl0 0mm<7)#^H^Bi^U3 

yS^{c3 1 00 r pmT'Xtryn— fy^L^cf^. K 
^ni^^-C'2 0 5'c-C'6 0#^^-^y^^Uv!. cico 
i^tc4^L^v:^$«6 0 OjJ-y^^:^ ho-A-C*-:>^v:. 
C:OARClc7)±tC. 7tT|R<7)DUV^^/fS7=r hl/i^'X 
h ( I BMttS^T'CGR2 4 8<7)^fp^f!iE^$ilTV^ 

1) ) 9 5'C. 6 0#^<7)m^jDf^,^'<-=^-y^^com 
T\ 890 0:ty^^:^hn-AO]f$t^rl)iT'^L 

ISI XLSfii^;^T-y>'N-S:ffl»r^-C. ^fflV^^ 
t;^aiV^^|gTVN-^-Wk$iifv:7;^^S:jitT, 9mJ 
/cm2 cOB^4t-±M0$il?tl^i^'XMSrKrFx 
=^>'^-BS|^3^S (248nm) IC^^tUu, '<lFX^<r>^ 

3. )\-^%mW^lX"^ 5r-C6 0#'S^-^y/ 

<^:{CMF7 0 23i^?g (i/^rP-tt: T/U^UtK 

?M) •C'4 0#ramt^c. i/xAhc7)7-f-y/^llr 
ffiSEMHJ:o-caS^-r€.i:. ii^co^t;WLTil^/f 
Sll:*rL-Cil|iO. 2 7;[im-C\ ^i^l 2nm-CJ)0 

[ 0 0 5 0 ] llglS. 

1 ) lIlA^yr^: 2. 33%(*^4%<^ 

^ xxVl/S^iO HSm L . -e LT*<38 0 %C0O HS*< 
-O (C = 0) CH2 -9-Tyh7-feW3j:-5T^ 

2) ^m -. Powde r link 1 174 0.6 
l%(T;<';;*y i^Ti-^Y^m 

3) m: P-h)V:siy7.)Vi[-^ym 0.06% 

4) SffiSffiB!: FC171 0. 03% (3MaSS!) 

5) 1^: ILB?x^;P 18%: i/^o^dfHfyy 
10%;St^ rnf^y/'j3-;l^typ<f-;Px— r 
;P 6 8. 9 7% 

>r WRIt|J6±fflfig!fe2r . iSS 1 0 0 mmwrn^fai^ U 3 

ySS{3Xfy3-f-yj/Lf>:f^. S^Jd.^«±T'2 0 
5'C-r'6 0&m-^yi/Uc. ^c7)B#tc4^Uv!S[$ 

\ieOOify'/XVu-J^X'h'>fz> ^CDARCScOi 

T^L/i*) :HP*>, 12%(r)^yMt^V {\z~)Uy 
s.J-)V) (Mw=5000) 88. 34% : b»;r'J 
-/l'Xyl^*X'>i.hi;77-h2. 65%; Powde 
rlink 1 174 8 . 8 3% ; /kK-fbrb^T'^ 

)vry^~'^2^ 0. 7 60 

4. 0. 2%;90'CT'60 8^^<7)E^JnSie^'^-:3f 

y^<mx\ 5 7 5jj-y/;^ho-Aic^i,?L 
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1 . Title of Invention 

ANTI REFLECTIVE COATJHG COMPOSITIONS 

2 . Clai&s 

1. An antirellective coating composition for use with an overcoated 
photoresist composition, the aniircflccuve composition comprising a crossiinker and 
a resin binder that comprises quinolinyl groups, quinolinyl derivatives having a N. 
0 or S ring substituent, |)!ienanihrenyl groups, acridine gioups or alkyiene 
anthracene groups. 

2. The antirefleclive composition of claim I wherein the resin binder 
has an optical density of at least about 4 units/;i at 248 nm. 

3. The antireflective composition of claim 1 wherein the resin binder is 
formed by polymerization of one or more monomers that contain a quinolinyl 
group, quinolinyl derivative having a N, O or S ring substituent. phcnanthrcnyl 
group, acridine group or alkyiene anthracene group. 

4. The antireflective composilion of claim 1 wherein the resin binder 
comprises a polymer corresponding to the following formula: 
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wherein each R and R' is independently hydrogen or a subsiiiuied or 
unsubstituted alkyi group having from 1 to about 8 carbon atoms: 

each is independently substituted or unsubstituted alkyl having I to about 
10 carbon atoms; 

each is independently halogen, alkyl having 1 to about 8 carbon atoms, 
alkoxy having 1 to about 8 carbon atoms, alkenyl having 2 to about 8 carbon 
atoms, alkynyl having 2 to about 8 carbon atoms, cyano, or nhro; 

m is an integer of from 0 to 9; and 

X is from about 10 to about 80. percent; and y is from about 5 to 90 percent. 

5. The antireflective composition of claim 4 wherein R^ is a 
hydroxyalkyl. 

6. The antireflective composition of claim 4 wherein the sum of x and y 
is about 100 percent. 

7. The. antireflective composition of claim 1 wherein the resin binder 
comprises a polymer of the following structure: 




wherein x and y are mole fractions of the respective units. 

8. The antireflective composition of claim 1 wherein the resin binder 
comprises a polymer corresponding to the following formula: 
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■CH2 




wherein and arc each independently hydrogen or a substituted or 
unsubstituted alkyl group having from 1 to about 8 carbon atoms; 

each R<^ is independently substituted or. unsubstituted alkyl having 1 to about 
10 carbon atoms, more typically 1 to about 6 carbons; 

W is a bond or substituted or unsubstituted alkylene having 1 to about 4 
carbons; 

Z is a carbun, nitrogen, oxygen or sulfur; 

each independently is halogen, alkyl having 1 to about 8 carbon atoms, 
alkoxy having 1 to about 8 carbon atoms, alkenyl having 2 to about 8 carbon 
atoms, alkynyl having 2 to about 8 carbon atoms, cyano or nitro; 

n is an integer of from 0 to 7; 

X' is from about 10 to about 80 percent; and y\is from about 5 to 90 
percent. 



9. Hie antireneciive composition of claim 1 wherein the resin binder 
comprises a polymer having the following structure: 
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CH2 




wherein x and y are mole fractions of the respective units. 

10. The antireflective composition of claim 1 wherein the crossUnkcr is a 
methoxy methylated glycouril. 



1 1 . The a;itireflective composition of claim 1 wherein the crossliiiker 
compound has the following structure: 



H3CO" 

H3C0- 



-0CH3 



N- 

f 

N- 



^=0 

CH3 



12. Tlie antireflective composition of claim 1 wherein the crosslinker is a 
polyhydroxy compound. 

13. The antireflective composition of claim 12 wherein tlie crosslinker is 
an aromatic compound witli at least one hydroxy and at least one hydroxy alkyi 
subslituent. 
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14. The antireflectivc composition of claim 1 further comprising an acid 
or acid generator compound. 

15. A coated substrate comprising: 

a substrate having thereon a coating layer of an aniirefleciive composition of 
claim 1. and a coating layer of a photoresist over the antireflectivc layer. 

16. A method for forming a photoresist relief image comprising: 

(a) applying on a substrate a layer of an antireflectiye composition of 
claim 1; 

(b) thermally curing the antihalation. composition layer; 

(c) applying a layer of a photoresist composition over the antireflective 
composition layer; 

(d) exposing the photoresist layer to activating radiation and developing 
the exposed photoresist layer. 

17. The method of claim 16 wherein the activating radiation is in the 
deep UV range and the photoresist generates a sulfonic acid upon exposure. 

18. The method of claim 16 where the antireflective composition further 
comprises an acid or thermal acid generator and is essentially free of a photoacid 
generator compound. 
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3. Detailed Description of Invention 

BACKGROUND OF THE INVENTION 

1. Field of tlie Invention 

The present invention relates to compositions that reduce reflection of 
exposing radiation from a substrate back into an overcoaied photoresist layer. More 
particularly, the invention relates to antireflective coating compositions that contain 
a resin binder components that effectively absorbs deep UV exposure radiation. 

2. Background Art ' . 
Photoresists are photosensitive filins used for transfer of an image to a 

substrate. A coating layer of a photoresist is formed on a substrate and llie 
photoresist layer is then exposed through a photomask to a source of activating 
radiation. The photomask has areas that are opaque to. activating radiation and 
other areas that are transparent to activating radiation. Exposure to activating 
radiation provides a photoinduced chemical transformation of the photoresist coating 
to thereby transfer the pattern of (he photomask to the photoresist coated substrate. 
Following exposure, the photoresist is developed to provide a relief image that 
permits selective processing of a liubstrate. 

A photoresist can be either positive-acting or negative-acting. For most 
negative-acting photoresists, those coating layer portions that are exposed to 
activating radiation polymerize or crosslink in a reaction between a photoactive 
compound and polymerizahle reagents of the photoresist composition. 
Consequently, the exposed coating portions are rendered less soluble in a developer 
solution than unexposed portions. For a positive-acting photoresist, exposed 
portions are rendered more soluble in a developer solution while areas not exposed 
remain comparatively less developer soluble. Photoresist compositions are known 
to die an and described by Deforest. Piwloresisc Maieriah and Processes, McGraw 
Hill Book Company, New York. ch. 2, J975 and by Moreay, Semiconductor 
Lithography, Principles, Pruclices and Maieiials, Plenum Press, New York. cli. 2 
and 4, botli incorporated . herein by reference for their leaching of photoresist 
composilions and methods of making and using the same. 
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A major use of photoresists is in semiconductor manufacture where an object 
is to convert a higlily polished semiconductor slice, such as silicon or gallium 
arsenide, into a complex matrix of electron conducting paths, preferably of micron 
or submicron geometry, that perform circuit functions. Proper photoresist 
processing is a key. to attaining this object. While there is a strong interdependency 
among the various photoresist processing steps, exposure is believed to be one of 
. the nnore important steps in attaining high resolution photoresist images. 

Reflection of activating radiation used to expose a photoresist often poses 
limits on resolution of the image patterned in the photoresist layer. -Reflection of 
radiation from the substrate/photoresist interface can produce variations in the 
radiation intensity in the photoresist during exposure, resulting in non-uniform 
photoresist Hnewidth upon development. Radiation also can scatter from tlie 
substrate/photoresist interface into regions of the photoresist where exposure is not 
intended, again resulting in linewidth variations. The amount of scattering and 
reflection will typically vary from region to region, resulting in ftirther lirKwidih 
non-uniformity. 

Reflection of activating radiation also contributes to what is known in the an 
as the "standing wave effect". To eliminate the effects of chromatic aberration in 
exposure equipment lenses, monochromatic or quasi-monochromatic radiation is 
comtnonly used in photoresist projection techniques. Due to radiation reflection at 
the photoresist/substrate interface, however, constructive and destructive 
interference is particularly significant when monochromatic or quasi-monochromatic 
radiation is used for photoresist exposure. In such cases the reflected light 
interferet with the incident light to form standing waves within the photoresist. In 
the case of highly reflective substrate regions, the problem is exacerbated since 
large amplitude standing waves create thin layers of underexposed photoresist at the 
wave minima. The underexposed layers can prevent complete photoresist 
development causing edge acuity problems in the photoresist profile. The lime 
required to expose the photoresist is generally an increasing function of photoresist 
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. tliickiiess because of the increased total amount of radiation required to expose an 
increased amount of photoresist. However, because of the standing wave effect, the 
time of exposure also includes a harmonic component which varies between 
successive maximum and minimum values with the photoresist thickness. If the 
photoresist thickness is non-unifonn, the problem becomes more severe, resulting in 
variable linewidths. 

Variations in substrate topography also give rise to resolution-limiting 
reflection problems. Any image on a substrate can cause impinging radiation to 
scatter or renect in various uncontrolled directions, affecting the uniformity of 
photoresist development. As substrate topography becomes more complex with 
efforts to design more complex circuits, the effects of reflected radiation become 
more critical. For example, metal Interconnects used on many microelectronic 
substrates are particularly problematic due to their topography and regions of high 
reflectivity. 

With recent trends towards higli-density semiconductor devices, there is a 
movctncnt in the industry to shorten the wavelength of exposure sources to deep 
ultraviolet (DUV) light (300 nm or less in wavelength). KrF excimer laser light 
{248.4 nm), ArF excimer laser light {193 nm), electron beams and soft x-rays. The 
use. of shortened wavelengths of light for imaging a photoresist coating has 
generally resulted in Increased refleciion from the upper resist surface as well as the 
surface of the underlying substrate. Thus, the use of the shorter wavelengths has 
exacerbated the problems of reflection from a substrate surface. 

Another approach used to reduce tlie problem of reflected radiation has been 
the use of a radiation absorbing layer interposed between the substrate surface and 
the photoresist coating layer. See, for example, PCT Application WO 90/03598, 
EPO Application No. 0 639 941 Al and U.S. Patent Nos. 4.910, 122. 4.370.405 
and 4,362,809, all incorporated herein by reference for their teaching of 
antireflective (antihalation) compositions and the use of the same. Such layers have 
also been referred to in the literanire as antireflective layen; or ARCs (antireflective 
compositions), 
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The ARC of the above cited European Application 639 941 Al comprises a 
compound having one or more glycidyl groups in the molecule, al least one 
anthracene derivative derivatized so as to cross-link with the compound having one 
or nrorc glycidyl groups and a solveni. In use, an antireflectivc coating is coated 
onto a substrate and cured whereby the derivatized anthracene acts as a cross- 
linking agent with the compound having the glycidyl substitution.. That disclosed 
ARC can exhibit certain disadvantages, particularly with respect to stability or 
consistency. Specifically, compounds having glycidyl substitution are relatively 
reactive, e.g., the glycidyl groups may react with each other or with the derivaiized 
anthracene. This can result in a change in viscosity of the ARC coating solution 
during storage which will alter coating characteristics. In use, the described ARCs 
are coated onto a. substrate and tlien cured to induce crosslinicing between the 
derivatized anthracene and the glycidyl groups of the glycidyl containing compound. 
Cure conditions include heating to a temperature of from 150 to 230"C For up to 30 
minutes. At tliese temperatures, the derivatized anthracene may evaporate or 
sublime from the coating together with the solveiits for the coating composition. 
Since the anthracene derivative is both a chromophore and a crosslinlcing agenr, a 
reduction in its concentration in the ARC can lead to unpredictable absorption 
characteristics and unpredictable dissolution properties. 

In Shipley Company's European Application 542 008 Al highly useful 
antihalation (aniireflective) compositions are disclosed that comprise a resin binder 
and a crosslinker compound. 

While h has been found that prior ARC compositions may be effective for 
many antireHeciive applications, prior compositions also may pose some potential 
performance limitations, e.g. when the antireflective compositions are used with 
resist compositions to pauern features of sub-micron or sub-half micron dimensions. 
In particular, use of at least some prior ajitireflective composhions has resulted in 
undercutting of a developed resist relief image, known in the art as "notching". 
Another problem has been 'Tooting", i.e. the failure to clear during development 
that results in an upwardly tapering relief image sidcwall, Both notching and 
footing can compromise the resolution of the image patterned onto the underlying 
substrate. 

- 9 - 



(25) 



#l8¥10-204328 



It thus Nvould be desirable to have new antireflectivc coating compositions. 

SUMMARY OF THE TNVFMTTONJ 

The present invention provides new light absorbing crosslinking 
compositions suitable for use as an ARC, particularly for deep UV appliL:ations. 
The ARCs of the invention in general comprise a crosslinker and a resin binder that 
effectively absorbs deep UV exposure radiation to reduce reflections of same. 

Resin binders of ARCs of tlie invention contain one or more moieties that 
arc chromophorcs for the exposure radiation of an overcoated resist composition, 
i.e. the moieties are capable of absorbing exposure radiation to thereby reduce 
reflections. For example, for preferred antireflective compositions used with a deep 
UV (DUV) photoresist, preferred cliroinophores include anthracenyl, particularly 
alkyleiie anthracene esters such as pendant groups of the formula 
-(C=0)0(CH2)aanlhracene, v^'herein n is an integer from 1 to about 6. Other 
preferred chromophorcs include quinolinyl and ring-substituted quinolinyl 
derivatives such as hydroxyquinolinyl, phenanthrenyl and acridine groups. 
Suitably about 5 to 90 percent of the units of a resin comprise such a chiumopliore, 
more preferably about 10 to 80 percent. Preferred resin binders of the invention 
have an optical density of at least about 4 unils/^ at 248 nm. Preferred icsin 
binders also arc capable of reaction with the crosslinker component, e.g. by a 
hydroxy or carboxy moiety on the resin or a ''masked" moiety such as an ester that 
can generate such a reactive group in the presence of acid or otherwise. 

The antireflective composition resin binder with chromophore moieties 
suitably is a copolymer and is prepared by polymerizing two or more differem 
monomers where ai least one of the monomers includes a chromophore group. Ir 
has been found that Um synthesis provides distinct advantages over functional ization 
of a preformed polymer to add chromophore groups, For example, the synthesis of 
the invention avoids further reauion steps of grafting the chromophore units onto-a 
preformed polymer as well as one or more subsequent purification steps. The 
synthesis also permits precise tailoring of Uie composition of the formed resin. 



- 10 - 



(26) 



nm^f-l 0-204328 



Also, the synthesis of ilie invention enables good control of the quaniiiy of 
chromophore units on a polymer In contrast, grafting of chromophore units onto a 
preformed resin often provides a resin mixture of polymers with varying 
percentages of chromophore. Such differing quantities of dirumophores unit can 
compromise resolution of an image pallerned into an overcoated photoresist layer as 
the chromophore differences may result in essenlially random reflections of 
exposure radiation. The syniiiesis of the invention also enables preparation of a 
greater variety of types of polymers. Grafting chromophore units onto at least 
some types of preformed polymers may be quite difficuU, or simply not possible, 
particularly in larger scale productions. For example, it can be particularly diflficult 
to drive the reaction to completion resulting in undesired products which must be 
removed from desired materials. 

The invention further provides methods for forming a relief iniage and novel 
articles of manufacture comprising substrates coated with an ARC composition of 
the invention alone or in combination with a photoresist composition. Other aspects 
of the invention arc disclosed infra. 

DETAIL ED DESCRJFIION QF THE INVENTION 

The resin binder component of the antireflective conpositions of the 
invenlion are preferably used with deep UV imaging systems and will effectively 
absorb reflections in the deep UV range (typically from about 100 to 300 nm). 
Thus, the resin binder preferably contains units thai are deep UV chromophores. 
i.e. units that absorb deep UV radiation. Highly conjugated moieties are generally 
suitable chromophores; Aromatic groups, particularly polycyclic hydrocarbon or 
heterocyclic units, are typically preferred deep UV chromophores, e.g. groups 
having from iwo to three or four fused or separate rings with 3 to 8 ring members 
in each ring and zero to three N. O or S atoms per ring. Such chromophores 
include substituted and unsubstiiuted phenamhryl, substituted and unsubstituted 
anthracyl, substituted and unsubstituted acridine. substituted and unsubstituted 
naphthyl, substituted and un.snbslimied quinolinyl and ring-substituted quinolinyls 



- 11 - 



(27) 



nm^f-l 0-204328 



such as hydroxyquiiiolinyl groups. Substituted or unsubstituted anthracyl groups are 
particularly preferred. For example, preferred resin binders have pendant anthracyl 
groups, particularly acrylic resins of the following Formula (I): 




(I) 



wherein each R and is independently a hydrogen or a substituted or 
unsubstituted alkyi group having from 1 to about 8 carbon atoms, preferably 
substiiuted or unsubstituted C,.6 alkyl; 

each is independently substituted or unsubstituted alkyl having I to about 
10 carbon atoms, more typically 1 to about 6 carbons; 

each may be independently halogen (particularly F. CI and Br), aJkyl 
having 1 to about 8 carbon atoms, alkoxy having J to about 8 carbon atoms, 
aikenyl having 2 to about 8 carbon atoms, alkynyl having 2 to about 8 carbon 
atoms, cyano, nitro, etc.; 

m is an integer of from 0 (where the anthracyl ring is fully hydrogen- 
substituted) (o 9, and preferably m is 0, 1 or 2; 

X is the mole fratlion or percent of alkyl acrylate units in the polymer and 
preferably is from about 10 to about 80 percent; and y is the mole fraction or 
percent of anthracene units in the polymer and preferably is from about 5 to 10 to 
90 percent. The polymer also may contain other units if desired,, but preferably the 
polymer will contain at least about 10 mole percent of anthracene units. 
HydroxyalkyI is a particularly preferred R^ group, especially alkyl having a primary 
hydroxy group sudi as v/here is 2-hydroxyethylene (-CH^CHzOH). Preferably 
the resin binder contains 9-{methylene)anthracenc ester units. 
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Another preferred resin binder comprises substituted or unsubstituted 
quinolinyl or a quinolinyl derivative that has one or more N, O or S ring atoms 
such as a hydroxyquinolinyl. The polymer may contain other units such as carboxy 
and/or alky! ester units pendant from the polymer backbone. A particularly 
preferred ARC resin binder is an aci7lic polymer of the following Formula (II): 



CH2 — 




(H) 



wherein each and is independently a hydrogen or a substituted or 
unsubstituted alkyl group having from 1 to about 8 caiton atoms, preferably 
substituted or uiisubslituted C,^ alkyl; 

each is independently substituted or unsubstituted alkyl having 1 to about 
10 carbon atoms, more typically 1 to about 6 carbons; 

W is a bond or substituted or unsubstituted alkylene having 1 to about 4 
carbons, and preferably is a bond; 

Z is a carbon, nitrogen, oxygen or sulfur; 

each.R^ may be independently halogen (particularly F, CI and Br), alkyl 
having 1 to about 8 carbon atoms, alkoxy having 1 to about 8 carbon atoms, 
alkenyl having 2 to about 8 carbon atoms, alkynyl having 2 to about 8 carbon 
atoms, cyano, nitro, etc; 

n is an integer of from 0 (where the ring is fully hydrogen-substituied) to 7, 
and preferably n is 0, 1 or 2. 

X' is the mole fraction or percent of alkyl acrylate units in the polymer and 
preferably is from 10 to about 80 percent; and y' is the mole fraction or percent of 
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quinolinyl or hydroxyquinoliiiyl units in tlie polymer and preferably is from about 5 
to about 90 percent. The polymer also may contain other units if desired, but 
preferably llie polymer will contain at least about 10 mole percent of quinolinyl 
and/or hydroxyquinolinyl units. Hydroxyalkyl is a particularly preferred R* group, 
especially alkyi liaving a primary hydroxy group such as where R* is 2- 
Ijydroxyelhylene, 

The above-mentioned substituted grou|» (i.e. substituted groups R' through 
R' and W) may be substituted at one or more available positions by one or more 
suitable groups such as e.g. halogen (particularly F. CI and Br); cyano; hydroxyl, 
niiro, alkanoyl such as a C,.4 alkanoyl group such as acyl and Uie like; alkyl groups 
having from 1 to about 8 carbon atoms; alkenyl and alkynyl groups having. one or 
more unsaturated linkages' and 2 to about 8 carbon atoms; alkoxy groups having 
from 1 to about .6 carbons; etc. 

As discussed above, the ARC resin binders are preferably synthesized by 
polymerizing two or more different monomers where at least one of the monomers 
includes a chromophore group, e.g. an anthracenyl. quinolinyl or hydroxyquinolinyl 
group. A free radical polymerization is suitably employed, e.g.; by reaction of a 
plurality of monoinera to provide the various units in Uie presence of a radical 
initiator preferably under an inert atmosphere (e.g., N, or argon) and at elevated 
temperatures such as about TO'C or greater, aldiough reaction temperatuiw may 
vary depending on the reactivity of the panicular reagents employed and the boiling 
point of the reaction solvent (if a solvent is employed). See Ihe examples which 
follow for exemplary reaction conditions. Suitable reaction temperatures for any 
particular system can be readily determined empirically by those Skilled in the art 
based on the present disclcqure. A reaction solvent may be employed if desired. 
Suitable solvents include alcohols such as propaiiols and butanols and aromatic 
solvents such as benzene. chlorObcnzenc. toluene and xylene. Dimethylsulfoxide, 
diniethylformamide and THF are also suitable. The polymerization reaction also' 
may be nin neat. A variety ol free radical initiators may be employed to prepare 
the copolymers of ihe invention. For example, azo compounds may he employed 



- 14 - 



(30) 



#^¥10-204328 



such as a20-bis-2,2'-isobutyronitrile (AlBN) and IJ'-azobis 
(cyclohexanecarbonilrile). Peroxides, perest^rs, peracids and persulfates aliso can 
be employed. 

Also, while less preferred, a preformed resin may be ftjrx:lionalized wiih 
chromophorc units. For example » a glycidyl phenolic resin such as a glycidyl 
novolac can be reacted with an aiithranyl carboxylic acid. 

Preferably the ARC rosin binder will have a weight average molecular 
weight (Mw) of about 1^000 to about lO^OOO.OOO daltons, more typically about 
5,000 to about 1,000,000 daltons, and a molecular number molecular weight (Mn) 

of about 500 to about 1,000.000 daltons. Molecular weights (either Mw or Mn) of 
the polymers of the invention arc suitably determined by gel permeation, 
chromatography. 

Resin binders of the invention preferably exhibit good absorbance at deep 
UV wavelengths such as within the rang^ of from 100 to about 300 nm. More 
specifically, preferred resin binders of tlie invention have optical densities of at least 
about 3 absorbance units per micron (Absorb, units//*) at about 248 am, preferably 
from about 5 to 20 or more absorbance units per micron at 248 nm, more 
preferably from about 8 to 16 or more absorbance units per micron at 248 nm. 
Higher absorbance values for a particular resin can be obtained by increasing the 
percentage of chromophore units on the resin. 

Tlie antireflective compositions of the invention also may contain resins that 
do not include polycyclic chromophorc units as a co-resin present with resins 
having polycyclic chromophorc units, or as the sole resin of the ARC binder 
component. For example, phenolic resins such as the poly(vinylphenols). novolaks 
and other resins described below as photoresist resin binders could be employed in 
resin binder components of ARCs of the invention. 

Tlie concentration of the resin binder component of the antireflective 
compositions of the invention may vary within relatively broad ranges, and in 
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general the resin biixler is employed in a concentration of from about 50 to 95 
weight percent of the total of the dry components of the ARC, more typically from 
about GO to 90 weight percent of the total dry coniponents (all components except 
solvent carrier). 

ARCs of tlie invention also contain a crosjlinkcr component. A variety of 
crossliiikers may be employed, including those ARC crosslinkers disclosed in the 
above-mentioned Sliipley European Application 542008. 

Low basicity crosslinkers are particularly preferred such as a methoxy 
methylated glycouriJ. A specifically preferred crosslinker is a methoxy methylated 
glycouril corresponding to the following structure (III): 

H3CO . , OCH3 



N— r— N 

o=( )=o (in) 



H3CO — / \ — 



CH3 



This methoxy methylated glycouril can be prepared by known procedures. 
The compnimd is also commercially available under the tradename of Powderlink 
U74 from the American Cyanamid Co. 

Other suitable low basicity crosslinkers include hydroxy compounds, 
particularly polyftinctional compounds such as phenyl or other aromatics having one 
or more hydroxy or hydroxy alkyl substit.uenls such as a C,^ hydroxyalkyl 
sub.stinienis. Phenol compounds are generally preferred such as di-methanolphenol 
(C<sH3(CH20H)20H) and other compounds having adjacent (within 1-2 ring atoms) 
hydroxy and hydroxyalkyl .substitution, particularly phenyl or other aromatic 
compounds having one or more methanol or other hydroxylalkyl ring substinicnt 
and at least one hydroxy adjacent such hydroxyalkyl substituenl. 

It lias been found that a low basicity crosslinker such as a methoxy 
meiHylateil glycouril used in antircflectivc compositioas of the invemion can provide 
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excellent lithographic performance properties, including the .substamial reduction or 
even elimination (SbM examination) of undercutting or footing of an overtx»ated 
photoresist relief image. 

The antireflective compositions of the invention preferably further comprise 
an acid or acid generator compound for catalyzing or promoting reaction uf the 
glycouril compound during curing of an ARC coating layer. Preferably an acid 
generator compound is employed that liberates acid upon photolysis or thermal 
treatment. Preferably a thermal acid generator is employed, i.e. a compound that 
generates acid upon thermal treaUnenl. A variety of known tliermal acid generators 
are suitably employed such as e.g. 2,4,4,6-Tetrabroraocyclohexadienone, benzoin 
losylale. 2-nitrobenzyl tosylaie and other alkyl esters of organic sulfonic acids. 
Compounds that generate a sulfonic acid upon activation are generally suitable. 
Typically a thermal acid generator is present in an antireflective composition in 
concentration of from aboui 0.5 to 15 percent by weight of the total of the dry 
components of the composition, more preferably about 2 percent by weigh! of the 
total dry components. Photoacid generators also may be employed in an 
antireflective composition, for example onium salts, halogenated non-ionic 
photoacid generators such as l\l-bis[p-chlorophenyl}-2,2,2.trichloroeU)ane, and 
other photoacid generators dbclosed herein for use in photoresist compositioas. 
Suitable amounts of a photoacid generator in an antireflective composition in 
general range from about 1 to 15 percent by weight of the total of dry components 
of the composition. For an antireflective coniposhion containing a photoacid 
generator, a coaling layer of the composition is exposed to an effective amount of 
activating radiation to generate the photoacid. followed by a post-exposure bake at a 
temperature sufficieni to cure the coating layer. However, in generally preferred 
embo<limcnts of the invention an antireflective composition is completely or at least 
essentially Free (e.g., less than about 1 weight percent based on total dry 
components weights) of a photoacid generator, and an acid or thermal acid 
generator is used as an acid source and the ARC is cured thermally without an 
exposure step. 
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Also, as discussed above* rather than an acid generator, an acid may be 
simply fonnuiated into the ARC, particularly for ARCs that require heating to cure 
in the presence of acid so that the acid does not promote undesired reaction of 
composition components prior to use of the ARC. Suitable acids include e,g; 
strong acids such as sulfonic acids such as toluene sulfonic acid and sulfonic acid, 
triflic acid, or mixtures of those materials. 

Amireflective compositions of the invention also may contain additional dye 
compounds that absorb radiation used to expose an overcoated photoresist layer. 
Other optional additives include surface leveling agents, for example, the leveling 
agent available under the tradename Silwet 7604 from Union Carbide, or the 
surfactant FC 171 available from the 3M Company. 

To make a liquid coating composition, the components of the antireflective 
composition are dissolved in a suitable solvent such as » for example, ethyl lactate or 
one or more of the glycol ethers such as 2-'methoxyethyl ether (diglyme), ethylene 
glycol monomethyl ether, and propylene glycol, monomethyl ether; solvents that 
have both ether and hydroxy moieties such as methoxy buianol, ethoxy butanol, 
meihoxy propanol and ethoxy propanol; esters such as methyl cellosolve acetate, 
ethyl cellosolve acetate, propylene glycol monomethyl ether acetate, dipropylcne 
glycol monomethyl ether acetate and other solvents such as dibasic esters, propylene 
carbonate and gamma-butyro lactone. The concentration of the dry components in 
the solvent will depend on several factors such as the method of application. In 
general, die solids content of an antireflective composition varies from about 0.5 to 
20 weight percent of tlie total weiglit of the antireflective composition, preferably 
the solids content varies from about 2 to 10 weight percent of the total weight of the 
antireflective composition. 

A variety of photoresist compositions can be employed with the antireflective 
compositions of the invention, including positive-acting and negative-acting 
photoacid- generating compositions. Photoresists of die invention typically comprise 
a resin binder and a photoactive component, typically a photoacid generator 
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compound. Preferably the photoresist resin binder has functional groups that impart 
alkaline aqueous developability to the images resist composition. Preferred are 
resin binders that comprise polar functional groups such as hydroxy) or carboxylate 
and the resin binder is used in a resist composition in an amount sufficient to render 
the resist developable with an aqueous alkaline solution. 

Generally preferred resist resiti binders are phenolic resins including phenol 
aldehyde condensates known in the art as novolak resins, homo and copolymers or 
alkenyl phenols and homo and copolymers of N-hydroxyphenyl-maleimides. 

Examples of suitable phenols for condensation with a aldehyde, especially 
formaldehyde, for the formation of novolak resins include phenol; m-cresol; o- 
cresol; p-cresol; 2,4-xylenol; 2,5-xylenol; 3,4-xylenol; 3,5-xylenol; thymol and. 
mixtures thereof. An acid catalyzed condensation reaction results in formation of a 
suitable novolak resin which may vary in molecular weight (Mw) from about 500 to 
100.000 daltons. Poly(vinylphehols) may be prepared, e.g.. as disclosed in U.S. 
Patent No. 4,439,516. Preferred resin binders and the preparation thereof are also 
disclosed in U.S. Patent No. 5, 128.230. 

Poly(viiiylphenols) may be formed by block polymerization, emulsion 
polymerization or solution polymerization of the corresponding monomers in the 
presence of a catalyst. Vinylpbenols useful for the production of polyvinyl phenol 
resins may be prepared, for example, by hydrolysis of commercially available 
coumarin or substituted coumariu. followed by decarbo-xylation of the resulting 
hydroxy cinnamic acids. Useftil vinylphenols also may be prepared by dehydration 
of the corresponding hydroxy alky! phenols ur by decarboxylation of hydroxy 
cinnamic acids resulting from the reaction of substimted or nonsubsti luted 
hydroxybcnzaldehydes.witb malonic acid. Preferred polyvinylphenol resins 
prepared from such vinylphenols have a molecular weight (Mw) range of from 
about 2,000 to about 60,000 daltons. 

Copolymers containing plienol and nonairomatic cyclic alcohol units also aiB 
preferred re..:in binders for resists of the invention and may be suitably prepared by 
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partial hydrogenation of a novolak or poly(viny]phenol) resin. Such copolymers 
and the use thereof in photoresist compositions are disclosed in U.S, Patent No. 
5,128,232 10 Thackeray et al. 

Further preferred resin binders include resins formed from 
bishydroxy methylated compounds, and block novolak resins. See U.S. Patents 
Nos. 5.130.410 and 5,128»230 where such resins and use of same in photoresist 
compositions is discloj;ed. Additionally, two or more resin binders of similar or 
different compositions can be blended or combined together lo give additive control 
of lithographic properties of a pholoresi.si composiiion. For irisiance, blends of 
resins can be used lo adjust photospeed and thermal properties and to control 
dissolution behavior of a resist in a developer. . 



One suitable class of photoresists for use with ARCs of the invention are . 
"conventional • positive-acting resists that comprise a photoacid generator and a 
resin binder component such as a novolak or poly(vinylphenal) or partially 
hydrogenated derivative thereof and wherein the photoactiVc component serves as a 
dissolution rate inhibitor. Photoactivation of a coating layer of the resist results in 
conversion of the photoactive component to an acidic material, rendering regions of 
the coating layer containing this acidic photoproduci comparatively more soluble in 
an aqueous alkaline developer solution than regions that contain only the intact 
(non-activaied) photoactive component. The photoactive component typically used 
in these positive resists are quinone diazides such as 2,1,4-diazonaphthoquinone 
sulfonic acid esters and 2.1,5-diazonaphthoquinone sulfonic acid esters. 

In particularly preferred aspects of the invention, the ARCs of the invention 
are used v^iih chemically amplified positive^acting resist compositions. A number 
of such resist compositions have been described, e.g., in U.S. Patents Nos, 
4,968,581; 4,883,740; 4,810,613 and 4,491,628, all of which arc incorporated 
herein by reference for their teaching of making and using chemically amplified 
positive-acting resists. A particularly preferred chemically amplified photoresist for 
use with an ARC of the invention comprises in admixture a photoacid generator and 
a re.<!in binder that comprises a copolymer containing both phenolic and nun- . 
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phenolic units. For example, one preferred group of such copolymers has acid 
labile, groups substantially, essentially or completely only on rion-phenolic units of 
the copolymer. One especially preferred copolymer bifxler has repeating units x 
and y of the following formula; 




y 

c = o 
I 

OR' 



wherein the hydroxyl group be present at either the ortho, meta or para 
positions throughout the copolymer, and R* is substituted or unsubstituied alley] 
having 1 to about 18 carbon atoms, more typically 1 to about 6 to 8 carbon atoms, 
rerf-butyl is a generally preferred R' group. An R' group may be optionally 
substituted by e.g. one or more halogen (panicularly F. CI or Br), C,^, alkoxy. Cj.8 
alkenyl, etc. The units x and y may be regularly alternating in the copolymer, or 
may be randomly interspersed through the polymer. Such copolymers can be 
readily formed. For example, for resins of the above formula, vinyl phenols and a 
substituted or unsubstituted alkyl acrylate such as r-butylacrylate and the like may 
be condensed under free radical conditions as known in. the art. The substituted 
ester moiety, i.e. R'-0-C(=0)-. moiety of the acrylate units serves as the acid 
labile groups of the resin and will undergo photoacid induced cleavage upon 
exposure of a coaling layer of a photoresist containing the resin. Preferably the 
copolymer will have a Mw of from about 8.000 to about 50,000, more preferably 
about 15.000 to about 30.000 with a molecular weight distribution of about 3. or 
less, more preferably a molecular weight distribution of about 2 or less. Non- 
phenolic resins, e.g. a copolymer of an alkyl acrylate such as r-butylacrylate or t- 
butylmethacrylate and a vinyl alicyclic such as a vinyl norbornyl or vinyl 
cyclohexanol compound, also iiiay be used as a resin binder in compositions of the 
invention. Such copolymers also may be prepared by such free radical 
polymerization or other known procedures and suitably will have a Mw of from 
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about 8,000 to about 50.000, and a molecular weight disiribution of about H or less. 
Additional preferred chemically-amplified positive resists are disclosed in U.S. 
Patent 5,258,257 to Sinta et al. 

Preferred negative-acting resist compositions for use with an ARC of the 
invention comprise a mixture of materials that will cure, crosslink or harden upon 
exposure to acid, and a photoacid generator. 

Particularly preferred negative-acting resist compositions comprise a resin 
binder such as a phenolic resin, a crosslinker component and a photoactive 
component of the invention. Such compoations and the use thereof have been 
disclosed in European Patent Applications 0164248 and 0232972 and in U.S. Patent 
No. 3,128,232 to Thackeray et al. Preferred phenolic resins for use as the resin 
binder component include novolaks and poly(vinylphenol)s such as those discussed 
above. Preferred crosslinkers include amine-based materials, including melamine. 
glycourils. benzoguanamine-based materials and urea-based materials. Melamine- 
formaldehyde resins arc generally most prrferred. Such crosslinkers are 
commercially available, e.g. the melamine resins sold by American Cyanamid under 
the trade names Cymel 300. 301 and 3d3. Glycouril resins are sold by American 
Cyaiiamid under trade names Cymel 1170. 1171. 1172, Powderlink 1174. urea- 
based resins are sold under the trade names of Beetle 60. 65 and 80, and 
benzoguanamjne resins are- sold under the trade names Cymel 1123 and 1125. 

Suitable photoacid generator compounds of resists used with ARCs of the 
invention include the onium salts, such as those disclosed in U.S. Patent Nos. 
4.442.197. 4.(503.101, and 4,624.912, each incorporated herein by reference; and 
non-ionic organic photoactive compounds such as the h&logenated photoactive 
compounds as in U.S. Patent 5.128.232 to Thackeray et al. and sulfonate photoacid 
generators including sulfonated esters and sulfonyloxy ketones. See J. of 
Photopolymer Sdence and Technology, 4(3):337-340 (1991). for disclosure of 
suitable sulfonate PAGS, including benzoin tosyiate, t-butylphenyl alpha-(p- 
toluenesulfonyIoxy)-aceiate and t-butyl alpha-(p-toluenesulfonyloxy)-acetate. 
Preferred sulfonate PAGs are also disclosed in U.S. Patent 5.344,742 to Sinta et al. 
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Photoresists for use with an ARC of the invention also may contain other 
materials. For example, other optional additives include actinic and contrast dyes, 
anti-slriation agents, plasticizers, speed enhancers, etc. Such optional additives 
typically will be present in minor concentration in a photoresist composition except 
for fillers and dyes which may be present in relatively large concentrations such as, 
e.g., in amounts of from 5 to 30 percent by weight of the total weight of a resisi's 
dry components. 

ARCs of the invention that include a low basicity crosslinker such as a 
suitable glycouril are particularly useful with photoresists 'that generate a strong acid 
photoproduct upon exposure such as triflic acid, camphor sulfonate or other sulfonic 
acid, or other acid having a pKa (25'C) of about 2 or less. Without wishing to be 
bound by theory, it is believed ARCs of the invention are particularly effective with 
such strong acid resists because tlie strong photogenerated acid wilJ migrate from 
the resist and remain in the ARC layer to a lesser extent relative to a comparable 
ARC that contain a more basic crosslinker. That is, the low basicity crosslinkers of 
the invention will jie up strong photogenerated acids of an overcoated resist layer to 
a lesser extent than a more basic ARC crosslinker. As a result tliereof, less acid 
loss from the resist layer will occur and resolution problems such as footing will bis 
reduced. 

In use, an antircflcclive composition of the invention is applied as a coaling 
layer to a substrate may any of a variety of methods such as spin coating. The 
antireflective composition in general is applied on a substrate with a dried layer 
thicknesfi of between about 0.02 and 0.5 ^ni, preferably a dried layer thickness of 
between about 0.04 and 0.20 ^im. The substrate is suitably any substrate 
conventionally used in processes involving photoresists. For example, the substrate 
can be silicon, silicon dioxide or aluminum-aluminum oxide microelectronic wafers. 
Gallium arsenide* ccrainic. quartz or copper substrates may also be employed. 
Substrates used for liquid crystal display or other flat panel display applications arc 
also suitably employed, for example glass substrates, indium tin oxide coated 
substrates and the like. 
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Preferably the antire.nective layer is cured before a photoresist composition 
is applied over the ARC. Cure conditions will vary with the components of the 
ARC. Thus, if the composition does not contain an acid or acid generator, cure 
temperatures and conditions will be more vigorous than those of a composition 
containing an acid or acid generator compound. Typical cure conditions are from 
about 120''C to 225°C for about 0.5 to 40 minutes. Cure conditions preferably 
render the ARC coating layer substaniially insoluble to the photoresist solvent as 
well as an alkaline aqueous developer solution. Additionally, as discussed above, if 
tlie ARC includes a photoacid generator, the composition coating layer can be at 
least partially cured by exposing the coating layer to an effective amount of 
activating radiation (e.g., between about 10 to 300 mJ/cm^), followed by a 
post-exposure bake of from 50 to 225 ""C. 

After such curing a photoresist is applied over the surface of the ARC. As 
with application of tlie ARC. the photoresist can be applied by any standard means 
such as by spinning, dipping, meniscus or roller coating. Following application, 
tlie photoresist coating layer is typically dried by heating (o remove solvent 
preferably until the resisl layer is tack free. Optimally, essentially no intermixing 
of the ARC layer and photoresist layer should occur. 

The resist layer is then imaged with activating radiation through a mask in 
conventional manner. The exposure energy is sufficient to effectively activate the 
photoactive component of the resist system to produce a patterned image in the 
resist coating layer, more specifically, the exposure energy typically ranges from 
about 3 to 300 inJ/cm^ depending upon the exposure tool. The exposed resist layer 
may be subjected lo a post-exposure bake if desired to create or enhance solubility 
differences between exposed and unexposed regions of a coating layer. For 
example, negative acid-hardening pliotoresists typically require post-exposure 
heating to induce the acid-promoted crossiinking reaction, and many chemically 
aiT)plified positive-acting resists require post-exposure heating to induce an 
acid-promoted deprotection reaction. Typically post-exposure bake conditions 
include temperatures of about SO'^C or greater, more specifically a temperature in 
the range of from about 50^C to 160^C. 
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The exposed resist coating layer is (hen developed, preferably with an 
aqueous based developer such as an inorganic alkali exemplified by letrabutyl 
anruTionium hydroxide, sodium hydroxide, potassium hydroxide, sodium carbonate, 
sodium bicarbonate, sodium silicate, sodium metasilicate, aqueous ammonia or the 
like. Alternatively, organic developers can be used. In general, development is in 
accordance with art recognized procedures. Following development, a final bake of 
an acid-hardening photoresist is often employed at temperatures of from about 100 
to ISO^C for several minutes to further cure the developed exposed coating layer 
areas. 

The developed substrate may then be selectively processed on those 
substrates areas bared of pJiotoresist, for example chemically etching or plating 
substrate areas bared of photoresist in accordance with procedures well known in 
the art. Suitable etchants include a hydrofluoric acid etching solution and a plasma 
gas etch such as an oxygen plasma etch. A plasma gas etch removes the 
crosslinked antilialation coating layer. 

All documents mentioned herein are incorporated herein by reference. 

The following non-limiting examples are illustrative of the invention. 

Examples 1-6 - Preparation of preferred ARC resin binders. 
1. Preparation of monomers with chromophofes. 
A. Preparation of chloroxiiie mdhacrylate. 

A 500 ml round bottom flask equipped with magnetic stirrer and nitrogen 
inlet was charged with 5.0 g (0.0234 mol) 5.7 dichIoro-8'-hydroxyquinoline 
(chloroxine), 2.01 (0.0234 mol) methacrylic acid, 500 ml. methylene chloride. 1.43 
g (0.5 cq.), 4-dimcthylamino-pyridinc (DMAP) and 6.72 g l-(3-diraethylamino 
propyI)-3-ethylcarbodimide (EDCI). Tlie reaction mixture was stirred under a 
blanket of nitrogen for 12 hours at 25^*0. The product was purified by column 
chromatography (methylene chloride) to give a pale yellow solid (yield 67%). 
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B. Preparation of methylanthracene methacrylate. 
Meihylanthracene methacrjiaie (CH3C(-CH,)C02CH2-9-amhracene) was 
prepared as disclosed in Macromolecules, 17(2):235 (1984), 

2. Preparation of resins. . 

Hydroxycthyl methacrylate (HEMA)/melliyIaiUliracene melhacrylale 
(ANl'MA) copolymer (Formula II above) was prepared as follows. 

A 300 ml 3N round bottom flask equipped with magnetic stirrer, condenser, 
nitrogen and vacuum inlet was charged with 16.0 g (0.1229 mol) HEMA (purified 
by distillation), 8.49 g (0.0307 mol) meihylanthracene methacrylate, 0.2449 g (1 
wi. %) AIBN and 180 m! THF. The reaction flask was quenched in liquid nitrogen 
while being purged with nitrogen. When the contents of the reaction flask were 
frozen, the flask was evacuated, then purged with nitrogen (3 times). The reaction 
mixture was stirred under reflux for 18 hours, The pale yellow polymer was 
precipitated into 3000 ml ether, filtered, then dried at SO^^C under vacuum (yield 
86%) to provide the HEMA/ANTMA copolymer having 81 mole percent of 
-CH2C(CH3){CO2CH2CH20H)- units and 19 mole percent of 
■CH2C(CH3)(COiCH2-9-anthracene) units, a Mn of 2295, Mw of 19150 and a Tg of 
lOl'^C. 

Additional HEMA/ANTMA copolymers and HEMA/chloroxine methacrylate 
copolymers (resins of Examples 2-6) were prepared by similar procedures, with the 
substitution of cliloroxine methacrylate for methylanthracene methacrylate in the 
case of preparation of HEMA/chloroxine methacrylate copolymers. 

Examples 7-14 Preparation and use of ARCs of the invention. 
Example 7 

A preferred antireflective composition of the invention was prepared by 
mixing the components set forth below, with component amounts expressed as parts 
by weight based on total weight of the liquid antireflective coatijig composition: 
1) Resin binder: 2.33% Polymer (novolac resin base with approximately 4% 
glycidyl groups replacing OH, and approximately 80% of OH groups replaced by 
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-0(C - 0)CH39-anthraccnc) 

2) CrossI inker: 0.61 % Powderlink 1 174 (American Cyanamid) 

3) Acid: 0,06% p-toluenc sulfonic acid 

4) Solveni: 18% ethyl lactate; 10% cyclohexanonc; and 68.97% propylene 
glycol monomethyl ether 

The anlirefleciive composition was spin coaled onto a single crystal silicon 
substrate lOOiiun in diameter at 3100rpm, and baked on a vacuum hot plate at 
205 for 60 seconds. The resulting thickness was 600 angstroms. Over this ARC 
layer a commercially available DUV negative photoresist (sold under the tradename 
of CGR248 and available from IBM) was applied to a thickness of 8900A after a 
vacuum hot plate bake at 95 °C for 60 seconds. The overcoated resist layer was 
exposed to KrF excimer radiation (248nm) with an ISI XLS projection stepper 
through a mask patterned with small lines and spaces with a dose of 9 mJ/cm^ The 
wafer was then baked on a vacuum hot plate at 95**C for 60 seconds, and then 
develoj^ed with MF702 developer (Shipley Co.; alkaline aqueous solution) for 40 
seconds. Resist footing was measured by cross-section SEMs for botli isolated and 
dense lines 0.27 ^m wide and averaged 12 nm. 

Example 8 

A further preferred antireflective composition of the invention was prepared 
by mixing the components set forth below, widi component amounts expressed as 
parts by weight based on total solids (all components except solvent) of the 
antireflective coating composition: 

1) Resin bjndcr: 2.33% Polymer (novolac resin base with -4% 
glycidyl groups replacing OH, and -80% of OH groups replaced by - 
0(C=0)CH29-anthracene) 

2) Crosslinkcr: 0.61 % Powderlink 1 174 (American Cyanamid) 

3) Aidd: 0.06% p-toluene sulfonic acid 

4) Surfactant: 0.03% FC 171 (3M Co.) 

5) Soiyeiii: 18% ethyl lactate; 10% cyclohcxanone;. and 68.97% 
propylene glycol monomethyl ether 
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This antireflective composition was spin coated onto a single crystal silicon 
substrate JOOjiun in diameter, and baked on a vacuum hoi plate at 205 ""C for 60 
seconds. The resulting thickness was 600A. Over this ARC layer a coaling layer 
of a DUV negative photoresist was applied. The resist contained (amounts 
expressed in weight percents): 88.34% 12% mesylatecl poly(vinylphenol) 
(Mw-5000); 2,65% triarylsulfonium trinaie; 8.83% PowderlinJc 1174; 0.177% 
tetrabutylammoniuin hydroxide; 0.2% Silwet 7604; and solvent of ethyl lactate to a 
thickness of 7575A after a vacuum hot plate bake at 90°C for 60 seconds. 
Preparation of mesylated poly(vinylphenol) is described in U.S. Patent 5,514.520. 
issued on May 7, 1996. Tlie overcoated resist was exposed to KrF exciiner 
radiation (248nm) with an IS! XLS projection stepper through a mask patterned 
with small lines and spaces with a dose of 17.9 mJ/cmj. The wafer was then baked 
on a vacuum hot plate at OC^C for 60 seconds, and then developed with CD26 
(Shipley) developer for 35 seconds. Resist foonng was measured by cross-section 
SEMs for both isolated and dense lines 0.25um wide and averaged 6nxn. 

Example 9 

A funher preferred antireflective composition of the invention was prepared 
by mixing the components set forth below» with component amounts expressed as 
pans by weight based on total weight of the liquid antireflective coating 
composition: 

1) Resin binder : 2.62% copolymer of 9-anlhrylmelhylmethacrylate (26mol%) 
and 2'hydroxyethylmeihacrylale (74 mol%) 

2) Crosslinker : 0.36% Powder! ink 1174 (American Cyanamid) 

3) Thermal Acid Crosslinker : 0.02% 2-nitrobenzyltosylatc 

4) Surfaciam: 0.003% FC43J (nuorinated alkyl ester available from 3M 
Co.) 

5) Solvent: 96% propylene glycol monomethyl ether; 1.0% cyclohexanone 
This antireflective composition was spincoated onto a single crystal silicon- 
substrate 100mm in diameter, and baked on a vacuum hot plate at ISO^'C for 60 
seconds. The resulting coating layer thickness of the ARC was 740A. Over this 
ARC a commercially available DUV positive photoresist (sold under the tradename 
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UVIIHS and available from the Shipley Co.) was applied to a thickness of 8900A 
after a vacuum hot plaie bake at 140°C for 60 seconds. It was exposed to KrF 
excimer radiation (248iini) with an ISI XLS projection stepper through a mask 
patterned with small lines and spaces with a dose of ll.O mJ/cm^. The wafer was 
then baked on a vacuum hot plate at IZS^'C for 90 seconds, and then developed 
with CD26 (Shipley) developer for 50 seconds. Resist footing was measured by 
cross section SEMs for both isolated and dense lines. 

Exa mple 10 

A further preferred antiretlective composition was prepared by mixing the 
following components, with component amounts expressed as pans by weight based 
on total weight of the liquid antircflecuve composition: 

1) Resin binder : 3.88% Polymer (novolac resin base with -4% glycidyl 
groups replacing OH. and -80% of OH groups replaced by -0(C = O)CH2-9- 
anthracenc + ^ 10% residual 9-anthracene carboxy lie acid) 

2) C rosslinker : 1,02% Powderlink 1174 (American Cyanamid) 

3) Acid : 0.10% p~toluene sulfonic acid 

4) Surfactant : 0.05% FC171 (3M Co) 

5) Solvent : . 94.97% propylene glycol monomethyl ether 

This ARC was spin coated onto a single crystal silicon substrate lOOnVm in 
diameter, and baked on a vacuum hot plate at 205**C for 60 seconds. The resulting 
thickness, was 988A. Over this was coated a commercial DUV positive photoresist. 
UVIIHS (Shipley Co.) to a thickness of 8620A after a vacuum hot plate baked at 
UO'^C for 60 seconds, It was exposed to KrF excimer radiation (248 nm) with an 
ISI XLS projection stepper through a mask patterned with small lines aiid spaces 
with a dose of 11.0 mJ/cm^. The wafer was then baked on a vacuum hot plate al 
140°C for 90s, and then developed with CD26 (Shipley) developer for 50 seconds. 
Resist footing was measured by cross-section SEMs for both isolated and dense 
lines 0;25;iim wide and averaged '-4nm. 

Example 1 1 

A further preferred aniireflective composition was prepared by mixing the 
follow! Jig components, with cornponcnt amounts expressed as parts by weight based 
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on total weight of the liquid antireflective composition: 

1) Resin binder : 3,88% Polymer (novolac resin base with -4% glycidyl 
groups replacing OH, and --45% of OH groups replaced by -O(C=0)CH2-9- 
anlhracene and 35% of OH groups replaced by COHCH.O(C = 0)CH, + -7% 
residual 9-anlhracene carboxylic acid) 

2) Crosslinker : 1.02% Powderlink 1 174 (American Cyananiid) 

3) Acid : 0. JO % p- toluene sulfonic acid 

4) Surfactant : 0.05% FC 171 (3M Co) 

5) Solvent : 94.97% propylene glycol monomethyl ether 

This ARC was spin coaled onto a single crystal silicon substrate 100mm in 
diameter, and baked on a vacuum hot plate at 205*^0 for 60 seconds. The resulting 
thickness was 1095A. Over this was coaled a commercial DUV posiuve 
photoresist. APEX-E (Shipley Co.) to a thickness of 8394A after a vacuum hoi 
plate baked at 90='C for 60 seconds. It was exposed to KrF excimer radiation 
(248nm) with an ISI XLS projection stepper through a mask patterned with small 
lines and spaces with a dose of 8.6 inJ/cm*. Tlie wafer was then baked on a 
vacuum hot piaie at 90'C for 60s, and then developed with MF702 (Shipley) 
developer for 60 seconds. Resist footing was measured by cross-section SEMs for 
both isolated and dense lines 0.30^ni wide and averaged ~ 5nm. 

Example 12 

A further preferred antireflective composition was prepared by mixing the 
following components, with component amounts expressed as parts by weight based 
on total weight of the liquid antireflective coihposklon: A solution containing: 

1) Resin binder : 2.58% terpolymer of 9-anthryImethylmethacryrate (2:4 mol%), 
2-hydroxyethyImethacrylate (54 m61%) and methacrylic acid (22%) 

2) Crossli nker: 0.38% Powderlink 1174 (American Cyanamid) 

3) Jliennal Acid Crosslinker : 0.038% benzoin tosylate 

4) Surfactant : 0.003 % FC43 1 (3M Co) 

5) • Solvent : 97% propylene glycol monomethyl ether 

Tliis ARC was spin coated onto a single ciystal silicon substrate 100mm in 
diameter, and baked on a vacuum hot plate at 175^C for 60 seconds. The resulting 
thickness was 595A. Over this was coaled a commercial DUV positive photoresist, 
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UYIIIIS (Shipley Co.) to a ihiclaiess of 7950A after a vacuum hot plate baked at 
135*^0 for 60 seconds. It was exposed to KrF excimer radiation (248mn) wiili an 
ISI XL5 projection stepper. The wafer was then baked on a vacuum hoi plate at 
130*^0 for 60 seconds, and then developed with CD26 (Shipley) developer for 50 
seconds. . Resist fooling was measured by cross-seclion SEMs for both isolated and 
dense lines 0.25/im wide and averaged -19nm. 

Example 13 

A further preferred aniirefleciive composition was prepared by mixing the 
following components, with componeni amounts expressed as parts by weight based 
on total weight of the liquid anlireflective composition: 

1) Resin binder : 3.58% copolymer: meihylmethacrylate (39mol%), 2- 
hydroxyethylmethacrylaie (27%). methacrylic acid (7%) and butyl acrylate (27%) 

2) Crosslinkcr : 1.0% Powderlink 1 174 (American Cyanamid) 

3) Thermal Acid Generator : 0.0185% 2'nitrobenzyltosylatc 

4) Surfactant: 0.002% Silwet L7001 (Union Carbide) 

5) Solvent : 95% propylene glycol monomethyl ether 

. This ARC was spin coated onto a single crystal silicon substrate lOOmm in 
diameter, ond baked on a vacuum hot plate at 150^C for 60 seconds. The re.sulling 
thickness was II80A. Over thi.s was coated a conunercial DUV positive 
photoresist, APEX-E (Shipley Co.) to a thickness of 8400A after a vacuum hot 
plate baked at 90°C for 60 seconds. It was exposed to KrF excimer radiation 
(248nm) widi an ISI XLS projection stepper through a mask patterned with small 
lines and spaces with a dose of 6.0 mJ/cm^ The wafer was then baked on a 
vacuum hot plate at 90**C for 90s, and tlien developed with MF321 (Shipley) 
developer for 60 seconds. Resist footing was measured by cross-section SEMs for 
both isolated and dense lines 0,30/im wide arid averaged 43nm. 

Example 14 

A further preferred antireflective composition was prepared by mixing the 
following components, wifli component amounts expressed as parts by weight based 
on total weight of the liquid antireflective composition: 
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1) Resin binder : 3.8% copolymer of 9-anthrylineihylmethacrylate (32 mol%) 
and 2-hydroxyetliylmethacrylate (68 mol%) 

2) Crosslirdcer : 1.0% Powderliiik 1 174 (American Cyanamid) 

3) Thennal Acid Generator : 0. 185% 2-nitrobenzyltosylate 

4) Su rfactant : 0.0015% FC431 (3M Co.) 

5) Solvent : 95% propylene glycol monometliyl ether 

This ARC was spin coated onto a single crystal silicon substrate 100mm in 
diameter, and baked on a vacuum hot plate at 150**C for 60 seconds. The resulting 
thickness was lb77A. Over this was coated a commercial DUV positive 
photoresist. APEX-E (Shipley Co.) to a thickness of 8400A after a vacuum hot 
plate baked at PO^'C for 60 seconds. It was exposed to KrF exciraer radiation 
(248mn) with an ISI XLS projection stepper through a mask patterned with small 
lines and spaces with a dose of 7.3 mJ/cm^ The wafer was then baked on a 
vacuum hot plate at 90 for 90s, and then developed with MF321 (Shipley) 
developer for 60 seconds. Resist footing was measured by cross-section SEMs for 
both isolated and dense lines 0.30fim wide and averaged 12nm. 

Tlie foregoing description of the invention is merely illustrative thereof, and 
it is understood that variations and modifications can be effected without departing 
from the scope or spirit of the invention as set fonh in the following claims. 
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1/1 

1. Abstract 

ABSTRACT OF THE DISCLOSURE 

The invention provides new light absorbing crossHnking compositions 
suitable for use as an antircficctive composition (ARC), particularly for deep UV 
applications. The ARCs of the invention in general comprise a crosslinker and 
novel ARC resin biixlers that effectively absorb reflected deep UV exposure 
radiation. 



2. Representative Drawing 
Nothing 



